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AIR BAG 


FIELD OF THE INVENTION 

The present invention relates to an air bag for the 
protection of vehicle occupants upon the collision of a 
vehicle, by preventing the car occupants from secondarily 
colliding with an interior structure of the vehicle. 
PRIOR ART 

Recently, air bags have been increasingly mounted to 
various transportation means , and especially to 
automobiles for the purpose of protecting occupants 
thereof . 

The air bag is usually housed in a narrow space such 
as an interior space of a steering wheel or an instrument 
panel. Nowadays, the steering wheel is designed to have 
a larger opening so that a speedometer or other 
instruments is easily visible, which, however, strongly 
requires that the air bag has a volume as small as 
possible to be housed in such a steering wheel. 

It is important that a woven fabric for an air bag 
has an excellent mechanical property and is durable 
against the deployment of the air bag caused by a sudden 
expansion of a gas and a good foldability so that the air 
bag is foldable as compact as possible to be housed in a 
mounting case. Efforts to obtain such an air bag 
excellent in mechanical performance and having a compact 
volume, are continuing. 

A prior art air bag is generally prepared from a 
woven fabric composed of polyamide type yarns to have a 
weave density in a range from 24 to 32 ends/2.54 cm if a 
total yarn fineness is 933 decitex or in a range from 46 
to 55 ends/2.54 cm if a total yarn fineness is 
467 decitex, which fabric is then coated with a synthetic 
rubber such as chloroprene rubber or silicone rubber and 
sewn together to form the air bag. 

The coated fabric, however, is thick and heavy and, 
in addition, has a high rigidity, whereby the air bag 
formed of such a fabric may injure a vehicle occupant 


when an air bag device operates to deploy and inflate the 
air bag. There are reports that this is particularly 
dangerous when the vehicle occupant is an infant. 

The air bag device is usually mounted to a central 
5 region of a steering wheel for a driver's seat and to an 

inner wall of an instrument panel for a passenger's seat. 
If the air bag is heavy in weight, it is necessary to 
strengthen a mount thereof so that the mount can bear the 
weight . 

10 Also, if the woven fabric for the air bag has a 

large thickness and a high rigidity, the volume of the 
folded air bag becomes larger to need a larger space 
therefor . 

To eliminate such drawbacks, woven fabrics having no 

15 resinous coating have recently been used. Alternatively, 
some air bags use a woven fabric composed of thinner 
yarns such as one having a fineness of 350 decitex or 
233 decitex. The air bags obtained from such woven 
fabrics, however, are insufficient for the reduction of 

2 0 the fabric thickness and weight, and therefore there is 

still a strong desire for obtaining a lighter and more 
pliable fabric. 

Under these circumstances, United States Patent 
No. 5,533,755 proposes an inflatable protective cushion 

25 (air bag) using a woven fabric composed of yarns having a 

fineness less than 467 decitex. An air cushion is 
disclosed as Example 1 thereof formed of a woven fabric 
composed of nylon yarns of 50 decitex which is compacted 
through a special scour and then calendered. While the 

30 fabric of this kind certainly has a much smaller fabric 
thickness and weight relative to the prior art woven 
fabric, usually the tensile strength thereof is also 
reduced to the same extent. Accordingly, there is a risk 
in that the air bag is not durable against stress and/or 

35 an inner pressure generated upon inflation and deployment 
of the air bag unless it is converted to a specially 
strengthened fabric through a compaction treatment or a 
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calendering as disclosed in the above-mentioned United 
States Patent. The United States Patent also proposes, 
in addition to the strengthening of the fabric described 
above, the improvement in a cut shape and a position of 
5 seams of the air bag fabric. For example, it is usual in 
the conventional air bag for a driver's seat that two 
circular pieces of about 7 0 cm diameter are cut from the 
fabric and sewn together along the periphery thereof. 
Contrarily, according to the United States Patent, it is 

10 proposed that a square piece of fabric is folded so that 
four corners are located at a center of the fabric piece 
and edges of adjacent folded flap portions are sewn 
together to form the air bag. By doing so, a tensile 
strength of the air bag is improved because no seam is 

15 present in a region in which the maximum stress might 

generate upon the inflation of the air bag. While this 
proposal is certainly effective for increasing a 
resistance to pressure of the air bag, it is apparent 
that the air bag is of a square shape like a cushion, 

20 which is defective because of the presence of corners as 
well as the difficulty of automating the sewing 
operation . 

DISCLOSURE OF THE INVENTION 

The present invention is directed to an air bag free 

25 from the above-mentioned problems, which is light in 

weight and is compact to be housed in an air bag case, 
while having properties satisfying the necessary and 
sufficient conditions upon the actuation of air bag as 
well as being durable against long term aging. 

3 0 As stated above, to achieve the weight reduction and 

compactness which are essential requisites for an air 
bag, in place of a woven fabric composed of yarn having a 
fineness level of 467 decitex order which has typically 
been used, trials for adopting a woven fabric composed of 

35 yarns having a fineness of 350 decitex have been carried 
out by some manufacturers of air bags. However, the 
fabric and the air bag resulted from thinner yarns are 
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insufficient in fabric thickness and weight. For 
instance, a typical woven fabric used which is composed 
of nylon 66 yarns of 467 decitex to have a weave density 
of 53 ends/2,54 cm has a fabric thickness of 0.32 mm and 
5 a basis weight of 2 04 g/m 2 , while another woven fabric 

composed of nylon 66 yarns of 350 decitex to have a weave 
density of 60 ends/2.54 cm has a fabric thickness of 
0.28 mm and a basis weight of 170 g/m 2 f which means that 
even if the yarn fineness decreases from 467 decitex to 

10 350 decitex, the reduction of the fabric thickness is at 
most about 13% and that of the weight is about 17%. The 
air bag for a driver's seat formed of such a fabric has a 
weight exceeding about 2 0 0g and a thickness in a folded 
state exceeding about 2 0 mm. 

15 The present invention has been based on a view that 

for the purpose of drastically reducing weight and volume 
of an air bag, it is necessary to decrease the basis 
weight and thickness of a woven fabric used therefor by 
about 20%, preferably by 30% or more. 

2 0 To achieve the above-mentioned object of the present 

invention, the present inventors have paid attention to a 
dynamic load applied to the air bag at each of the 
operating stages and found that the tenacity of the air 
bag; i.e., the performance thereof durable against 

2 5 dynamic stress relies not only on a mechanical strength 
of a fabric forming the air bag but that the amount of a 
tensile work at break of the fabric forming the air bag 
is also an extremely important factor. 

According to one aspect of the present invention, an 

30 air bag formed of two woven fabrics interwoven with each 

other to be a bag-shaped body, each composed of polyamide 
type fiber yarns containing copper compounds at 3 0 to 
200 ppm estimated in terms of copper is provided, wherein 
the fabric is structured so that a product of a total 

35 fineness of warp or weft of the fabric multiplied by a 
weave density of the fabric is not more than 
16000 decitex*ends/2 . 54 cm, a load at a 15% tensile 
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elongation is in a range from 3 to 35N/%/2,54 cm, and a 
tensile work at break is in a range from 7000 to 
30000N- %/2 . 54 cm. According to another aspect of the 
present invention, an air bag formed of a woven fabric 
5 composed of polyamide type fiber yarns containing copper 
compounds at 30 to 2 00 ppm, estimated in term of copper, 
is provided, wherein the fabric has a product of a total 
fineness of warp or weft of the fabric multiplied by a 
weave density of the fabric of not more than 

10 16000 decitex- ends/2 ♦ 54 cm, a load at a 15% elongation in 

a range from 3 to 35N/%/2,54 cm, and a tensile work at 
break in a range from 7000 to 30000N* %/2 . 54 cm, and 
wherein the fabric is sewn or bonded to have a three- 
dimensional contour, 

15 The present invention will be described in more 

detail below . 

Air bags according to the present invention are 
those formed of two woven fabric pieces, each composed of 
polyamide type synthetic fiber yarns, to be a bag-shaped 

20 body. They include air bags for a driver 1 s seat, for a 
passenger's seat and for side impact protection of a 
vehicle occupant. 

According to the present invention, the bag-shaped 
body may be prepared by sewing or bonding two fabric 

25 pieces together or may be woven into a fabric and cut 
therefrom. 

The air bag formed of two woven fabrics of the 
present invention may be a bag-shaped body which is 
manufactured by sewing two fabrics having the same weave 

30 or different weaves or one woven on a loom as a hollow 
weave while using a stitch yarn. If the hollow air bag 
is formed of the above-mentioned fabrics satisfying the 
conditions defined by the specified yarn, weave structure 
and tensile work at break, it is possible for the woven 

35 fabric to generally uniformly bear an expansion stress 

caused by a gas generated upon the deployment of the air 
bag, whereby the air bag could, as a whole, have an 
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extremely high mechanical resistance to an instantaneous 
expansion stress upon deployment. 

Also, the air bag according to the present invention 
may be formed by sewing or bonding one or three cut 
5 pieces, or more, of the above-mentioned woven fabric 

together to have a three-dimensional contour. The above- 
mentioned air bag formed by sewing or bonding one or 
three cut pieces, or more, of the woven fabric to have a 
three-dimensional contour may be the one disclosed in 

10 Japanese Patent No. 2,668,332 wherein three main pieces 
of the fabric are cut from a woven fabric and then sewn 
together along the outer periphery to have a three- 
dimensional contour, or may be one disclosed in United 
States Patent No, 5,529,340 wherein a single piece is cut 

15 from a woven fabric, which is patterned to have a three- 
dimensional contour after the cut edges thereof are sewn 
together ♦ 

The air bag according to the present invention is 
excellent in weight reduction and pliability so that a 

2 0 favorable compactness is obtainable if the fabric is 

composed of yarns (warp and weft), each consisting of a 
plurality of filaments having a total fineness in a range 
from 66 to 167 decitex and a single filament fineness in 
a range from 1.0 to 3,3 decitex, and has the above- 
25 identified tensile work at break. Also, a resistance to 
heat-aging, a resistance to wet heat-aging and a 
resistance to ozone of the air bag could be improved to a 
large extent if a woven fabric composed of polyamide 
fiber yarns containing a predetermined amount of metallic 

3 0 copper, copper salt (copper acetate, halogenated copper, 

copper bromide or others), halogenated alkaline metals or 
mixtures of various copper salts and organic bases is 
used. 

BRIEF DESCRIPTION OF THE DRAWINGS 
35 Fig. 1 is a conceptual illustration of a sequence of 

behaviours of an air bag upon the inflation; 

Fig. 2 is a tensile stress-strain curve of a woven 
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fabric constituting the air bag, for illustrating a 
tensile work at break thereof; and 

Fig- 3 is an illustration of a method for measuring 
a thickness of the air bag. 
5 BEST MODES FOR CARRYING OUT THE INVENTION 

According to the present invention, it is necessary 
that an air bag is formed of a woven fabric having a 
tensile work at break of 7000 (N-%/2.54 cm) or more. The 
tensile work at break referred to in this text is defined 

10 by an area encircled with a tensile stress-strain curve 
shown in Fig, 2 of the woven fabric of the air bag 
obtained by a tensile test carried out under a 
predetermined condition and a vertical line extending 
from a break point on the tensile stress-strain curve to 

15 a horizontal axis (representing a tensile elongation) , 

With reference to Fig. 1, the tensile work at break 
will be explained below. 

Fig. 1 is a schematic illustration of a sequence of 
typical behaviours of the air bag upon the collision of a 

20 vehicle. Fig. 1(1) shows the air bag housed in a case 1 

in a folded state before the same is actuated. When the 
vehicle collision occurs and a signal is transmitted from 
a sensor to the gas generator (inflator), a gas for 
inflating the air bag 2 is supplied thereinto. Then the 

2 5 case opens as shown in Fig. 1(2) to allow the air bag to 
project forward (in the direction opposite to the mount). 
After the air bag vibrates forward and backward due to 
the elastic recovery of the woven fabric and the inner 
pressure as shown in Figs. 1(3) and 1(4), the air bag 

30 expands to a maximum extent and reaches a generally 

stable profile. According to the actuation test for the 
air bag carried out at a standard collision speed, for 
example, defined by FMVSS208 which is a vehicle safety 
regulation in the United States, when the air bag reaches 

35 the state shown in Fig. 1(5), the occupant 3 pushes the 
air bag as shown in Fig. 1(6) to exhaust gas through a 
vent provided in the air bag. Thus, the inertial kinetic 


energy of the occupant caused by a sudden stop of the 
vehicle is absorbed by the air bag so that the impact is 
cushioned. 

In the above sequence of the actuation of the air 
bag, at the stage shown in Figs. 1(5) and 1(6), a load 
applied to the woven fabric of the air bag is a hoop 
tension due to the inner pressure of the air bag wherein, 
assuming that the air bag is of a spherical shape, a 
stress (f ) generated in the woven fabric is represented 
by an equation f = pd/4 where p is the inner pressure and 
d is a diameter of the air bag, which means that the 
tensile strength of the woven fabric is a decisive factor 
for determining the tenacity of the air bag- Contrarily, 
at the stage shown in Fig, 1(3) wherein gas flows into 
the air bag upon the actuation of the inflator to project 
the air bag forward to a maximum extent, the forward 
motion of the air bag ceases when the kinetic energy of 
the air bag itself is absorbed by the tensile work of the 
woven fabric. Accordingly, at this stage, the tensile 
work at break of the woven fabric forming the air bag is 
more decisive than the tensile strength at break thereof. 

The present inventors have analyzed the sequence of 
behaviours of the air bag from the stage wherein the air 
bag starts the inflation to the stage wherein the 
inflated air bag absorbs the inertial kinetic motion of 
the vehicle occupant caused by a sudden stop of the 
vehicle, and found that the dynamic load applied to the 
air bag becomes larger at the stage shown in Fig. 1(3) 
wherein the air bag is supplied with gas from the 
inflator to project forward to a maximum extent than at 
the stage shown in Figs. 1(5) and 1(6) wherein the air 
bag inflates to a maximum extent and restrains the 
occupant . 

Since the kinetic energy of the air bag projected 
forward must be absorbed by the tensile work of the woven 
fabric forming the air bag at the former stage as 
described above, the woven fabric of the air bag 
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preferably has a larger tensile work. 

According to the present invention, it is necessary 
that the tensile work at break of the woven fabric is 
7000 (N-%/2.54 cm) or more, preferably 
5 15000 (N-%/2.54 cm) or more, most preferably 

25000 (N-%/2.54 cm) or more if the deployment at a high 
temperature or a safety factor is taken into 
consideration. If this value is less than 
7000 (N*%/2.54 cm), there is a risk in that the air bag 

10 may be broken in the mount or the outer periphery thereof 
at the deployment stage of the air bag. 

This tensile work is generally correlated to a basis 
weight of the woven fabric if a yarn kind is specified. 
Therefore, an unnecessarily large tensile energy at break 

15 is contradictory, as a result to the weight reduction and 

compactness which are important requisites for the air 
bag. For such reasons, the air bag according to the 
present invention has to be formed of a woven fabric 
having a product of a total fineness of warp or weft 

2 0 multiplied by a weave density (hereinafter referred to as 
a weave fineness) of 16000 (decitex-ends/2 . 54 cm) or less 
and a tensile work at break of 7000 (N-%/2.54 cm) or 
more . 

Also, according to the present invention, it is 
25 effective that a load at a 15% elongation is in a range 

from 3 to 35N/%/2.54 cm when the woven fabric is 
stretched. If the load at a 15% elongation is less than 
3N/%/2.54 cm, the woven fabric is too rigid to obtain a 
pliable air bag. Contrarily, if it exceed 35N/%/2.54 cm, 
30 the woven fabric is liable to be largely stretched to 
cause a so-called bottoming when the air bag restrains 
the vehicle occupant. 

Since the vehicle may be used under various 
conditions for a long period, one of important requisites 
35 for the air bag is that the performance thereof does not 
deteriorate even after being exposed to high temperature, 
moisture or ozonic. Particularly, the resistance to heat 


is an important factor. Actually, automobile 
manufacturers regard such a fact as important as the loss 
of the tensile strength of the woven fabric is small 
after being subjected to a high temperature (in a range 
from 80 to 120°C) treatment for a long period (in a range 

from 1000 to 3000 hours). 

To obtain an air bag according to the present 
invention light in weight and excellent in pliability and 
compactness, it is preferable that yarns are used for 
forming the woven fabric for the air bag have a total 
yarn fineness in a range from 66 to 167 decitex and are 
composed of a plurality of single filaments, each having 
a fineness in a range from 1.0 to 3.3 decitex. If the 
yarns having a total yarn fineness exceeding 167 decitex 
or a single filament fineness exceeding 3.3 decitex, are 
used, the resultant woven fabric becomes stiff and 
produces an air bag having poor stowability. Contrarily, 
yarns having a single filament fineness less than 
1.0 decitex are difficult to produce and, even if it is 
possible, the weaving process would be troublesome. The 
air bag obtained from yarns having a total thickness less 
than 6 6 decitex has an inferior mechanical property such 
as a tensile strength or a tearing strength and may not 
satisfy the indispensably dynamic characteristics of the 
air bag indispensable upon the actuation thereof. 

The woven fabric for the air bag according to the 
present invention preferably has substantially the same 
mechanical property in the warp and weft directions. The 
mechanical property in the weft direction, however, is 
sometimes inferior to that in the warp direction as a 
result of the treatment direction in a fabric finishing 
process. To solve this problem, according to the present 
invention, the woven fabric is preferably prepared so 
that a birefringence of weft is larger than that of warp, 
or a weave fineness in weft is larger than that in warp 
in the resultant fabric. 

Additives for facilitating the yarn durability are 


seldom added to polyamide fibers for ordinary clothing 
use. However, since the durability, particularly the 
resistance to heat is one of important requisites for the 
air bag as described before, yarns for the air bag 
according to the present invention must contain one kind 
or more stabilizing agents for improving the durability. 
The durability referred to herein includes a resistant to 
aging, a resistant to wet heat aging, a resistance to 
ozone or others. 

In the present invention, woven fabrics composed of 
yarns containing metallic copper, copper salt (copper 
acetate, halogenated copper, copper bromide or others), 
halogenated alkaline metals or mixtures of various copper 
salts and organic bases as the stabilizing agents for 
improving the heat durability are used. These copper 
compounds may be added to polyamide fibers in a known 
manner, such as added in a polymerization process of 
polyamide or incorporated into polymer chips. 

Yarns forming the air bag of the present invention 
are composed of polyamide fibers containing copper or 
copper compounds of 30 to 200 ppm estimated in term of 
copper. If the value estimated in term of copper is less 
than 30 ppm, there is a risk of a lack of the heat 
durability expected of the air bag fabric of the present 
invention, while if it exceeds 200 ppm, there is a risk 
of difficulty in the spinning process. 

The air bag fabric of the present invention may be 
woven in any of conventional weaves including a plain 
weave, a rip-stop weave, a mat weave, a twill weave or 
others. However, a plain weave is particularly favorably 
used for the air bag fabric according to the present 
invention, because a denser weave structure is easily 
obtainable. The warp and weft density may be adjustable 
even after the weaving process through the fabric 
finishing process. The air bag of the present invention 
may be manufactured by a conventional air bag-forming 
method. 
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While constituent features of the air bag according 
to the present invention have been described above mainly 
with reference to an air bag for a driver's seat, these 
means and methods may be also applicable in a similar 
5 manner to that for a passenger's seat or a side impact 
protection air bag. This is apparent because, even 
though a bag structure and shape, a deployment speed and 
a mounting position are different from the former, the 
deployment kinetic energy of the air bag itself is 
10 absorbed by a tensile work of the woven fabric. The air 
bag may be coated with synthetic rubber or others, or may 
be of a so-called non-coated type. 
EXAMPLES 

The present invention will be described more 
15 concretely below with reference to the preferred examples 
and comparative examples. The definition and measurement 
of yarns and fabrics in the examples and comparative 
examples are as follows. In this respect, the 
specification, physical property and performance of the 
2 0 yarns and fabric in the example and comparative examples 
are described in Tables 1 and 2, respectively. 

(a) Tensile Strength, Tensile Elongation at Break and 
Tensile Work at Break of Yarn 

The yarn tensile strength and elongation at break 

2 5 W ere measured by an Autograph S-10 0 Type manufactured by 

Shimadzu Seisakusho K.K. under the condition of a grip 
yarn length of 2 0 cm and a stretching speed of 2 0 cm/min. 
The tensile work at break was an integrated value from 
the initiation to a breakage point in a tensile stress- 

3 0 strain curve obtained by this measurement divided by a 

measured yarn fineness and unit-converted to 
CN*cm/decitex. 

(b) Birefringence of Yarn 

The measurement was carried out by means of a 
35 polarizing microscope of the XTP-11 type manufactured by 
Nikon K.K., wherein a conventional Bereck compensator 
method is adopted while using white light as a light 


- 13 - 


source . 

(c) Tensile Strength, Tensile Elongation at Break, 
Tensile Work at Break and Retention of Resistance to Heat 
of Fabric 

5 The fabric tensile strength and elongation at break 

were measured by an AG 1000D manufactured by Shimadzu 
Seisakusho K.K., under the condition of a test piece 
width of 2.54 cm, a fabric grip length of 0.2 0 cm and a 
stretching speed of 2 0 cm/min while adopting a Hubert 

10 (phonetic ) -strip method- The tensile work at break was 

an integrated value from the initiation to a breakage 
point in a tensile stress-strain curve obtained by this 
measurement divided by the fabric grip length and unit- 
converted to N/%/2.54 cm. A load at 15% elongation is a 

15 load value at 15% elongation on the tensile stress-strain 

curve obtained by this measurement, which is then divided 
by 15 and unit-converted to N/%/2.54 cm. The retention 
of resistance to heat was calculated by dividing a 
tensile strength value obtained in the above manner prior 

2 0 to a heat treatment of the fabric (at 110°C for 

100 0 hours) with a value after the heat treatment. 

(d) Measurement of Air Bag Thickness 

As shown in Fig. 3(A), the air bag was first folded 
so that edges a and b are brought into contact with each 

2 5 other, and then folded so that a distance between edges c 

and d is equally divided. The folded air bag shown in 
Fig. 3(B) was placed on a flat table and loaded with a 
weight of 1 kg via a glass plate of 300 mm square. After 
3 0 minutes, a thickness X was measured. The measured 

3 0 value is divided by an X value of an air bag in 

Comparative Example 4 which corresponds to a prior art 
one and shown in a Table. 
(Example 1) 

Polyhexamethylene adipamide chips having a relative 
35 viscosity of 60 relative to 90% formic acid were molten 
in an extruder type spinning machine. The chips had no 
titanium oxide but contained copper acetate and potassium 
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iodide of 1:12 in an additive ratio as a copper type 
heat-stabilizing agent so that copper is contained at 
7 0 ppm in the polymer. The molten polymer was filtered 
and extruded from a spinneret having nozzles of 0-25 mm 
5 diameter. The extruded molten polymer was quenched and 
solidified into a fibrous yarn, to which is imparted an 
oil at 1.0% by weight. The yarn was taken up by a takeup 
roll and immediately thereafter passed to a hot roll for 
the purpose of carrying out the drawing operation between 

10 both the rolls. These steps were continuously carried 
out by a direct spin-draw machine. The yarn was 
subjected to an interlacing treatment immediately before 
being wound on a bobbin at a winding speed of 4000 m/min 
to have interlaced portions in a range from 10 to 

15 3 0 points /m. The resultant polyhexamethylene adipamide 
yarn has a yarn fineness of 7 8 decitex/35 filaments, a 
tensile strength of 71 cN, a tensile work at break of 
163 cN'cm/decitex and a birefringence of 56 An/1000. 

Then, a greige fabric was woven from the yarns thus 

2 0 obtained, wherein warp was prepared by doubling two of 
the yarns at a twist of 200 turns/m and sizing with 
acrylic sizing agent, while weft is inserted into the 
same shedding. The greige was scoured and set to result 
in an air bag fabric having a weave density in warp of 95 

25 and in weft of 93 ends/2.54 cm estimated in term of 
156 decitex, a weave fineness of 

14820 decitex-ends/2 . 54 cm both in warp and weft, and a 
tensile work at break in warp of 20500 and in weft of 
13500N- %/2 . 54 cm. Two circular pieces of 648 mm for an 

30 air bag body and other two circular pieces of 230 mm 

diameter as an reinforcement cloth for the air bag-mount 
were cut from the fabric, the former being sewn together 
along the outer periphery thereof while added with the 
latter (with a sewing thread #20 by a double chain 

35 stitch) to form an air bag of 60^ for a driver's seat. 

The air bag was compactly foldable. The deployment 


test was carried out at 85°C while mounting thereto an 
inflator (Type 8) manufactured by Morton International, 
which showed that no damage occurs to the air bag. 

Also, the woven fabric was subjected to a heat 
treatment at 110°C for 1000 hours, and thereafter the 
retention of strength was measured. The value obtained 
was 95% which means that a resistance to heat is 
sufficient . 
(Example 2) 

Yarns having a tensile strength of 63 cN/decitex and 
a tensile work at break of 239 cN-cm/decitex were 
prepared in the same manner as in Example 1. A fabric 
having a tensile work at break in warp of 2060 0 and in 
weft of 14500N-cm/decitex was woven from the yarns in the 
same manner as in Example 1* 

Two circular pieces of 64 8 diameter were cut from 

the fabric, from which an air bag of 60^ for a driver's 
seat was prepared by sewing the outer periphery thereof 
while adding reinforcement pieces thereto in the same 
manner as in Example. 

The air bag was compactly foldable. The deployment 

test was carried out at 85°C while mounting thereto an 
inflator (Type 8) manufactured by Morton International, 
which showed that no damage occurs to the air bag. 
(Example 3) 

Yarns having a tensile strength of 54 cN/decitex and 
a tensile work at break of 260 cN • cm/decitex were 
prepared in the same manner as in Example 1. A fabric 
having a tensile work at break in warp of 17500 and in 
weft of 13 6 0 0N-cm/dTex was woven from the yarns in the 
same manner as in Example 1. 

Two circular pieces of 64 8 mm diameter were cut from 

the fabric, from which an air bag of 60^ for a driver's 
seat was prepared by sewing the outer periphery thereof. 
The air bag was compactly foldable. The deployment 
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test was carried out at 85°C while mounting thereto an 
inflator manufactured by Morton International- As a 
result, it was confirmed that no damage occurs to the air 
bag upon deployment. 
5 (Example 4) 

A fabric was woven from yarns prepared in Example 1 
to have a weave density in warp of 9 0 and in weft of 
98 ends/2,54 cm. This fabric was a balanced one having 
tensile strength in warp of 963N/2.54 cm and in weft of 
10 983N/2.54 cm. 

Two circular pieces of 648 mm diameter were cut from 

the fabric, from which an air bag of 60^ for a driver's 
seat was prepared by sewing the outer periphery thereof. 
The air bag was compactly foldable. The deployment 
15 test was carried out at 85°C while mounting thereto an 

inflator (Type 8) manufactured by Morton International, 
which showed that no damage occurs to the air bag. 
(Example 5) 

Yarns having a tensile strength of 67 cN/decitex and 

2 0 71 cN/decitex were prepared in the same manner as in 

Example 1, and a fabric having a weave density both in 
warp and weft of 94 ends/2.54 cm was woven therefrom, 
which had a balanced tensile strength both in warp and 
weft; i.e., that in warp being 951 and that in weft being 
25 941N/2.54 cm. 

Two circular pieces of 64 8 mm diameter were cut from 

this fabric, from which an air bag of 60^ for a driver's 
seat was prepared by sewing the outer periphery thereof 
in the same manner as in Example 1. 

3 0 The air bag was compactly foldable. The deployment 

test was carried out at 85°C while mounting thereto an 
inflator (Type 8) manufactured by Morton International, 
which showed that no damage occurs to the air bag. 
(Example 6) 

3 5 Yarns were prepared in the same manner as in 


Example 1. A fabric was woven from these single yarns 
without doubling the same so that a weaving density is 
142 ends/2.54 cm both in warp and weft, a weave fineness 
is 11076 decitex* ends/2. 54 cm and a tensile work at break 
is 12500N-%/2.54 cm in warp and 8000N-%/2.54 cm in weft. 

Two circular pieces of 648 mm diameter were cut from 

the fabric, from which an air bag of 6 0^ for a driver's 
seat was prepared by sewing the outer periphery thereof 
in the same manner as in Example 1. 

The air bag was compactly foldable. The deployment 

test was carried out at 85°C while mounting thereto an 
inflator manufactured by Morton International, which 
showed that no damage occurs to the air bag. 
(Comparative Example 1) 

A fabric was woven in the same manner as in 
Example 1 from yarns prepared in the same manner as in 
Example 1 except that no copper compounds were added to 
the polymer. A retention of a resistance to heat of this 
fabric was as low as 45%. 
(Comparative Example 2) 

A fabric was woven in the same manner as in 
Example 1 from yarns prepared in the same manner as in 
Example 1 except that copper compounds of 10 ppm 
estimated in term of copper were added to the polymer. A 
retention of a resistance to heat of this fabric was as 
low as 7 0%. 

( Comparative Example 3 ) 

Yarns having a fineness of 56 decitex were prepared 
in the same manner as in Example 1, and a fabric was 
woven from the yarns thus prepared, which had a weave 
density in warp of 192 and in weft of 190 ends/2.54 cm, 
and a tensile work at break in warp of 6000 and in weft 
of 5900N«%/2.54 cm. 

Two circular pieces of 648 mm diameter were cut from 

the fabric, from which an air bag of 6 0^ for a driver's 
seat was prepared by sewing the outer periphery thereof 
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in the same manner as in the Example. 

The air bag was compactly foldable. The deployment 
test carried out at 85°C while mounting thereto an 
inflator (Type 8) manufactured by Morton International, 
5 however, showed that the air bag was seriously damaged. 
(Comparative Example 4) 

Yarns having a fineness of 233 decitex were prepared 
in the same manner as in Example 1, and a fabric was 
woven from the yarns, thus prepared, which had a weave 
10 density in warp of 78 and in weft of 75 ends/2.54 cm, and 

a tensile work at break in warp of 30000 and in weft of 
26000N- %/2 . 54 cm. 

Two circular pieces of 64 8 mm diameter were cut from 

the fabric, from which an air bag of 60£ for a driver's 
15 seat was prepared by sewing the outer periphery thereof 

in the same manner as in Example 1. 

The deployment test carried out at 85°C while 

mounting thereto an inflator (Type 8) manufactured by 

Morton International showed that the air bag was not 
2 0 damaged but difficult to fold, in comparison with the air 

bags of Examples 1 to 6 , and had a large volume in the 

folded state. 
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CAPABILITY OF EXPLOITATION IN INDUSTRY 

The present invention provides an air bag which is 
very exceptionally light and pliable to be compactly 
housed in a air bag case, having a performance necessary 
5 and sufficient for the actuation of the air bag and 

excellent in durability against aging in the long term. 
The air bag according to the present invention is 
suitable for all kinds of air bags for protecting a 
vehicle occupant including those for a driver's seat, a 
10 passenger's seat and a side impact protection which have 
exceptionally light weight and good performance in use. 
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CLAIMS 

1. An air bag formed of two woven fabrics 
interwoven with each other to be a bag-shaped body, each 
composed of polyamide type fiber yarns containing copper 

5 compounds at 30 to 200 ppm estimated in term of copper, 
characterized in that the fabric is structured so that a 
product of a total fineness of warp or weft of the fabric 
multiplied by a weave density of the fabric is not more 
than 16000 decitex- ends/2 . 54 cm, a load at a 15% tensile 
10 elongation is in a range from 3 to 35N/%/2.54 cm, and a 
tensile work at break is in a range from 7000 to 
30000N* %/2 • 54 cm, 

2 . An air bag formed of a woven fabric composed of 
polyamide type fiber yarns containing copper compounds at 

15 30 to 200 ppm estimated in term of copper, characterized 

in that the fabric has a product of a total fineness of 
warp or weft of the fabric multiplied by a weave density 
of the fabric of less than 16000 decitex- ends/2 . 54 cm, a 
load at a 15% elongation in a range from 3 to 

20 35N/%/2.54 cm, and a tensile work at break in a range 

from 7000 to 30000N- %/2 . 54 cm, and the fabric is sewn or 
bonded to have a three-dimensional contour. 

3. An air bag as defined by claim 1 or 2 , 
characterized in that the product of total fineness of 

25 weft multiplied by the weave density of weft is larger 

than the product of total fineness of warp multiplied by 
the weave density of warp. 

4. An air bag as defined by claim 1 or 2 , 
characterized in that a birefringence of the weft forming 

3 0 the woven fabric is larger than that of the warp. 

5. An air bag as defined by claim 1 or 2 , 
characterized in that the weave is selected from a plain 
weave, a rip-stop weave and a mat weave. 

6. An air bag as defined by claim 1, characterized 
35 in that the bag-shaped air bag is of a circular shape as 

seen in plan view. 

7. An air bag as defined by any one of claims 1 to 
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6, characterized in that the yarn forming the woven 
fabric has a single filament fineness in a range from 1.0 
to 3.3 decitex, a total fineness in a range from 66 to 
167 decitex, a tensile strength in a range from 48-5 to 

5 75 cN/decitex, and a tensile work at break in a range 
from 132 to 265 cN-cm/decitex. 

8. An air bag as defined by any one of claims 1 to 

7 , characterized in that the air bag is selected from 
those for a driver's seat, for a passenger's seat and for 

10 side impact protection. 


ABSTRACT 


An air bag which is light and pliable to be 
compactly housed and excellent in durability against a 
load applied thereto, upon the actuation of air bag, and 
long term aging, which is formed of two woven fabrics 
interwoven with each other to be a bag-shaped body, each 
composed of polyamide type synthetic fiber yarns 
containing copper compounds in a range from 3 0 to 200 ppm 
estimated in term of copper or cut pieces of the fabric 
sewn together to be a three-dimensional shape, the fabric 
having a product of a total fineness of warp or weft 
multiplied by a weave density of 

16000 decitex*ends/2.54 cm or less, a load at 15% 
elongation in a range from 3 to 35N/%/2.54 cm and a 
tensile work at break in a range from 7000 to 
3000 0N-%/2.54 cm. 

This air bag may be applicable to a driver's seat, a 
passenger's seat, and to side impact protection in a 
vehicle . 
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below and, insofar as the subject matter of each of the claims of 
this application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first 
paragraph of Title 35, United States .Code Section 112, I 
acknowledge the duty to disclose information which is material to 
patentability as defined in Title 37, Code of Federal Regulations, 
Section 1.56 which became available between the filing date of the 
prior application and the national or PCT international filing date of 
application. 


(Status: Patented, Pending, Abandoned) 


(Application No.) (Filing Date) 
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(Status: Patented, Pending, Abandoned) 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 


P*g*2 of 3 


Japanese Language Declaration 


just zzt siviz ztuzmtz -w<nff -Sfi *n$?irrS}i 


POWER OF ATTORNEY: As a named inventor, I hereby 
appoint the following attomey(s) and/or agent(s) to prosecute 
this application and transact all business in the Patent and 
Trademark Office connected therewith, (list agent's name(s) 
and registration number(s)) 



FINNEGAN, HENDERSON, FARABOW, GARRETT & DUNNER, Reg. N o. 22,540, Douglas B. Henderson, Reg. N o. 20.291 : Ford F. Farabow. Jr., Reg. No. 
20S3Q; Arthur S. Garrett, Reg. No. 20,338 ; Donald R. Dunner, Reg. No. 19.073; Brian G. Brunsvofd, Reg. No. 22.593 ; Tipton D. Jennings. IV, Reg. No. 
20J45; Jerry D. Voight, Reg. No. 23.02Q; Laurence R. Hefter, Reg. No. 2QJ27; Kenneth E. Payne, Reg. No . 23,098 ; Herbert H. Mintz. Reg. No.,26,691; C. 
Larry O'Rourke, Reg. No. 26,014; Albert J. Santorelli, Reg. No. 22,610 ; Michael C. Eimer, Reg. No._^5J57; 'Richard H. Smith, Reg. NO.J5QJ509; Stephen L 
Peterson, Reg. No. 26,325; J ohn M. Romary, Reg. N o. 26,331 ; Bruce C. Zotter, Reg. No.J7 JL §STi - Dennis P. O'Reilley, Reg. No.„2L232; AJIen M. Sokal, Reg. 
No . 26,695; Robert D. Bajefsky, Reg. N o. 25,387; Richard L Stroup, Reg. No . 28,478: David W. Hill, Reg. No. 23,220; Thomas L Irving, Reg. N( x_28,619 ; 
Charles E. Lipsey, Reg. No. 28JS5; Thomas W. Winiand, Reg. No. 27,605; Basil J. Lewris, Reg. No. 28.818 : Martin I. Fuchs, Reg. No._2fi.5Q8; E. Robert 
Yoches, Reg. No. 30,120_; Barry W. Graham, Reg. No . 29,924; Susan Haberman Griffen, Reg. No, .30,907; Richard B. Racine, Reg. No. 30,415; Thomas H. 
Jenkins, Reg. No. 30,857 : Robert E. Converse, Jr., Reg. N o. 27,432; Clair X. Mullen, Jr., Reg. No. 20.348: C hristopher P. Foley, Reg. N o. 31.35 4: John C. 
Paul, Reg. No. 30,413; R oger D. Taylor, Reg. No. 28,992; David M. Kelly, Reg. No . 30,953; Kenneth J. Meyers, Reg. No . 25,146; Carol P. Einaudi, Reg. No. 
32,220; Walter Y. Boyd, Jr., Reg. No. 31,738; S teven M. Ahzalone, Reg. No . 32,095; Jean B. Fordis, Reg. No . 32.984; Barbara C. McCurdy, Reg. No. 32,120; 
James K. Hammond, Reg. No. 31.964 : Richard V. Burgujtan, Reg. No. 31.744^ J. Michael Jakes, Reg. No. 32,824 ; Thomas W. Banks, Reg. No, 32,719; M. 
Paul Barker, Reg. No. .32,01 3; Bryan C. Diner, Reg. No. Christopher P. Isaac, Reg. No. 32,616; Andrew C. Sonu, Reg. No. 33.457 ; Dirk D. Thomas, 

Reg. No. 32,600 


7T 


Send Correspondence to: 


FINNEGAN, HENDERS O N, FARABOW, GARRETT & DUNNER , LLP. 

1300 I STREET. N.W . 
WASHINGTON. P.O. 20005-3315 


ii&iifa MUSSr : (£f&&l>"1ifQ#-§-) Direct Telephone Calls to: (name and telephone number) 


ARTHUR S. GARRETT 
202-408-4091 



Full name of sole or first inventor 

.Yoshinori Kami 

=isi5SWo« aft 

inventor's signature Date April 24, 

V^lAJ /o^vo J , fa^rt/rruL 2000 


Residence 

Itabashi-ku, Tok^^ Japan Z5~PX 


Citizenship 

Japanese 


Post Office Address 

1-4_1_704, Azusawa, Itabashi-ku f 


Toikyo 174-0051 Japan 



Full name of second joint inventor, if any 

Hideaki Ishii 

ra;s-*£S!*os£ aft 

Second inventor's signature Date 

Hcda&kt J-Slrf April 24. 2000 


Residence 

Ashiya-shi, J&qqQl Japan <J>~PX 

mn 

Citizenship 

Japanese 


Post Office Address 

23-2-302, Yaxnaashiya-cho, Ashiya-shi, 


Hyogo 659-0082 Japan 


(1= $.tzi± Z1MUt£<D3kffl&Wl^lZ3$ L/TT>l«tfS£tifS* (Supply similar information and signature for third and 
Jk Xfm& £ -f 3 Z t o) subsequent joint inventors.) 
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